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Abstract
We propose two possibilities to explain an excess of electron/positron flux around 1.4 TeV
recently reported by Dark Matter Explore (DAMPE) in the framework of radiative seesaw models
where one of them provides a fermionic dark matter candidate, and the other one provides a
bosonic dark matter candidate. We also show unique features of both models regarding neutrino
mass structure.
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I. INTRODUCTION
In light of the excess of electron/positron flux reported by Dark Matter Explore
(DAMPE) [1, 2], we try to propose possibilities whether radiative neutrino models can
accommodate dark matter (DM) candidate that can explain the excess and link DM to
neutrinos or not. The typical features of DM indicated by the excess are that DM mainly
annihilates into electron positron pair which originates from very sharp excess at the distri-
bution energy ∼1.4 TeV, and no excess of proton antiproton pair is observed [3]. Another
important feature is that scale of the annihilation cross section to explain the excess is
3 × 10−26cm3/s if we adopt a scenario which assume an existence of dark subhalo near the
earth. Remarkably this scale of the DM annihilation cross section is similar to the annihila-
tion cross section to explain the relic density. It suggests that we do not need to worry about
large boost factor any longer to enhance the cross section, which is unlikely to the previous
experimental results of positron excess reported by PAMELA [4] and AMS-02 [5]. In fact,
these positron excess can be addressed by astrophysical sources such as pulsars while it is
difficult to explain the excess in the DAMPE data due to the sharpness of the peak.
In view of model building [6–20], the simplest achievement could be to introduce a flavor
dependent gauged U(1) symmetry that has to have nonzero electron/positron charge at
least; therefore U(1)e−µ or U(1)e−τ . If DM is fermion, Dirac type is favored because its
cross section should still have s-wave dominant in the s-channel X¯X → Z ′ → f¯ f , where
Z ′ is extra gauge boson induced from additional gauged U(1) symmetry. In case of bosonic
DM candidate, there could be several possibilities to explain the excess due to a lot of
modes coming from Higgs potential as well as Yukawa term that depends on models. As an
example, in ref. [9, 14], they have discussed the possibility via four body electron/positron
final states in the s-channel.
In our letter, we firstly construct the one-loop induced neutrino model with Dirac type
of DM propagating inside the loop, introducing gauged U(1)e+µ−τ symmetry. In order to
cancel the gauge anomalies, several mirror fermions have to be introduced, but it does not
violate our model once additional discrete symmetry is imposed. As a result, we show not
only successful neutrino scenario but also predictive neutrino texture. In the second model,
we consider the bosonic DM candidate propagating inside the loop diagram generating
neutrino mass, introducing gauged U(1)e−µ symmetry based on ref. [21]. Then we also
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SM Leptons Neutral fermions Mirror Leptons
Fermions LLℓ′ LLτ ℓ
′
R τR Nℓ′ Nτ L
′
R(L)ℓ′
L′
R(L)τ
e′
L(R) µ
′
L(R) τ
′
L(R)
SU(2)L 2 2 1 1 1 1 2 2 1 1 1
U(1)Y −12 −12 −1 −1 0 0 −12 −12 −1 −1 −1
U(1)e+µ−τ 1 −1 1 −1 1 −1 1(0) −1(0) 1(0) 1(0) −1(0)
Z4 +1 +1 +1 +1 −1 −1 ±i ±i ±i ±i ±i
TABLE I: Field contents of fermions and their charge assignments under SU(2)L × U(1)Y ×
U(1)e+µ−τ × Z4, where SU(3)C singlet for all fermions and ℓ′ = e, µ. Notice that one genera-
tion of mirror leptons with U(1)e+µ−τ charge 1 can cancel gauge anomalies.
VEV6= 0 Inert
Bosons Φ1 Φ2 ϕ η′ η
SU(2)L 2 2 1
1
2
1
2
U(1)Y
1
2
1
2 0
1
2
1
2
U(1)e+µ−τ 0 −2 1 −2 0
Z4 +1 +1 +1 −1 −1
TABLE II: Field contents of bosons and their charge assignments under SU(2)L × U(1)Y ×
U(1)e+µ−τ × Z4, where SU(3)C singlet for all bosons.
show its successful features simultaneously explaining the muon anomalous magnetic dipole
moment.
This paper is organized as follows. In Sec. II, we explain two models, one of which is a
radiative neutrino model with Dirac DM candidate, and another of which is the one with
bosonic DM candidate. Finally we summarize the results in Sec. III.
II. MODEL, PARTICLE PROPERTIES AND PHENOMENOLOGIES
In this section, we introduce our models and discuss some phenomenologies including
neutrino mass generation, DM relic density and possibility to explain the DAMPE excess.
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A. Model 1: Dirac fermion DM
Here we consider a model that provides Dirac fermion DM based on U(1)e+µ−τ gauge
symmetry. In the fermion sector, we introduce vector-like neutral fermions Ne,µ,τ with
isospin singlet and several mirror fermions that are needed to cancel our gauge anomalies,
and impose a flavor dependent gauge symmetry U(1)e+µ−τ as summarized in Table I. Also
a discrete Z4 symmetry is imposed for this new fermion in order to forbid the tree level
neutrino masses as well as mixing between mirror fermions and other fermions, and stabilize
our DM candidate 1.
In the scalar sector, we add an SU(2)L doublet scalar Φ2, two SU(2)L doublet inert scalars
η, η′ and a singlet scalar ϕ to the SM-like Higgs Φ1 as summarized in Table II. Notice here
Φ1,2, ϕ have the vacuum expectation values (VEVs) after spontaneous symmetry breaking,
which are respectively symbolized by v1,2/
√
2, v′/
√
2. Z4 odd parity is imposed to assure
inert feature of η, η′.
Yukawa interactions: Under these fields and symmetries, the renormalizable relevant
Lagrangian for neutrino sector and crucial terms of the Higgs potential is given by
−LL = fαL¯Lα η˜NRα + giN¯LiLcLi η˜′ + hαβN¯LαLcLβ η˜ +MαN¯LαNRα + h.c.,
V ⊃λ1
2
(η†Φ1)
2 + λ2(Φ
†
1η)(Φ
†
2η
′) + λ3(Φ1Φ
†
2)(ϕ
∗)2 + h.c., (II.1)
where α(β) runs over (e, µ, τ), i runs over (e, µ), η˜ ≡ iσ2η∗, σ2 is the second Pauli matrix,
and we omit trivial terms in the potential. Note that λ3 term in the potential prevents Higgs
doublet sector from inducing massless Goldstone boson. Notice also that hαβ allows only
the nonzero components he,τ , hµ,τ , hτ,e, hτµ, and dominant mass terms for mirror fermions
are induced via L¯′RL
′
Lϕ and ℓ¯
′
Lℓ
′
Rϕ where ℓ = e, µ, τ .
2 For Yukawa interactions among two
Higgs doublets and SM fermions, the second doublet Φ2 can couple to only leptons as a
consequence of extra U(1) charge. In this paper. we omit further discussion.
We parametrize the scalar fields as
Φ1(2) =

 w+
v1(2)+φ1(2)+iz1(2)√
2

 , η =

 η+
ηR+iηI√
2

 , η′ =

 η′+
η′R+iη
′
I√
2

 , ϕ = v′ + ϕR + iϕI√
2
, (II.2)
1 Another types of models have been proposed by refs. [22–25], several of which are extended to be quark
sector.
2 They also have Yukawa terms L¯′
R(L)ℓ
Φ1ℓ
′
L(R) as a subdominant contributions to their masses.
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where v =
√
v21 + v
2
2 ≃ 246 GeV is VEV of the Higgs doublets, and w±, z1, and ϕI are
respectively GB which are absorbed by the longitudinal component of W , Z, and Z ′(≡
Ze+µ−τ ) boson. Then we have the three by three CP-even mass matrix squared m2R in the
basis of [φ1, φ2, ϕR]
T . This is then diagonalized by OTRm
2
ROR ≡Diag[mh1 , mh2, mh3 ], where
h1 ≡ hSM . The mass eigenstates of inert bosons in basis of [ηR, η′R]T and [ηI , η′I ]T are defined
as
ηR = caH1 + saH2, η
′
R = −saH1 + caH2, (II.3)
ηI = cbA1 + sbA2, η
′
I = −sbA1 + cbA2, (II.4)
where c(s)a(b) are written in terms of λ1,2 and trivial parameters in the Higgs potential.
We have heavy neutral gauge boson Z ′ after U(1)e+µ−τ gauge symmetry breaking. The
mass of Z ′ is given by
mZ′ = g
′
√
4v22 + v
′2, (II.5)
where g′ is the gauge coupling of U(1)e+µ−τ .
FIG. 1: The Feynman diagram for generating neutrino mass matrix for Model 1.
Let us consider the active neutrino mass matrix at one-loop level [26], which consists of
two types of diagrams; mIν and m
II
ν as shown in Fig. 1. At first, let us consider the relevant
Lagrangian for mIν in terms of mass eigenstate:
L = fα√
2
ν¯LαNRα(caH1 + saH2)− i
fα√
2
ν¯LαNRα(cbA1 + sbA2)
+
gi√
2
N¯Liν
c
Li
(−saH1 + caH2)− i gi√
2
N¯Liν
c
Li
(−sbA1 + cbA2). (II.6)
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Then it is formulated by
(mIν)ii ≈
∑
i=e,µ
fiMigi
2(4π)2
[sacaFI(Mi, mH1, mH2)− sbcbFI(Mi, mA1 , mA2)] ≡


m11 0 0
0 m22 0
0 0 0

 ,
(II.7)
FI(m1, m2, m3) =
m21m
2
2 ln
m21
m22
+m21m
2
3 ln
m23
m21
+m22m
2
3
m22
m23
(m21 −m22)(m21 −m23)
, (II.8)
where mH(A)1,2 is the mass of H(A)1,2. Next, let us consider the relevant Lagrangian for m
II
ν
in terms of mass eigenstate:
L = fα√
2
ν¯LαNRα(caH1 + saH2)− i
fα√
2
ν¯LαNRα(cbA1 + sbA2)
+
hαβ√
2
N¯Lαν
c
Lβ
(caH1 + saH2)− ihαβ√
2
N¯Lαν
c
Lβ
(cbA1 + sbA2). (II.9)
Then it is also formulated by
(mIIν )αβ ≈ −
∑
α,β=e,µ,τ
fαMαhαβ
2(4π)2
(
[2(c2a − c2b) ln∆1 + 2(s2a − s2b) ln∆2]
+
c2bm
2
H1
− c2am2A1
m2H1 −m2A1
FI(Mα, mH1 , mA1) +
s2bm
2
H2
− s2am2A2
m2H2 −m2A2
FI(Mα, mH2 , mA2)
)
(II.10)
≡


0 0 m13
0 0 m23
m13 m23 0

 . (II.11)
The resulting neutrino mass matrix mν ≡ mIν +mIIν is finally found to be 3
mν ≈


m11 0 m13
0 m22 m23
m13 m23 0

 . (II.12)
This is known as type-B2 of two-zero texture that provides several predictions such
that inverted hierarchy is favored when the best fit observables are adapted, mν3 ≈√
∆m2atm/(1− cot4 θ23) and mν2 ≈ mν1 ≈ mν3 cot2 θ23 are derived at the leading order 4,
3 Another type of model has been proposed by ref. [28].
4 See ref. [27] in details.
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FIG. 2: Left plot: The parameter points providing correct relic density on {mZ′ , g′} plane. Right
plot: Thermally averaged annihilation cross section at current Universe as a function of mZ′ using
parameter points in the left plot. Here the DM mass is fixed to be MX = 1.5 TeV.
where mν1,2,3 and ∆matm are respectively observed neutrino mass eigenvalues and atmo-
spheric neutrino mass difference squared [29]. Here we define mν = UD
νUT , Dν ≡
diag.[mν1e
2iρ, mν2e
2iσ, mν3], U is 3 by 3 unitary mixing matrix, and ρ, σ are Majorana phases.
Lepton flavor violations(LFVs) have to always be taken into account in any radiative
seesaw models. The stringent bound arises from the process of µ → eγ; BR(µ → eγ) .
4.2× 10−13 [30]. To satisfy this bound, the typical Yukawa coupling is of the order 0.1 when
the loop masses are of the order 1 TeV. Since we expect the minimal mass inside the loop is
about 1.5 TeV that is DM inspired by DAMPE, this constraint can be applied. Therefore
LFVs do not give so serious constraint.
Dark matter candidate inspired by DAMPE: Here we discuss possible explanation of the
DAMPE data. At first we briefly formulate the valid interactions between Dirac DM can-
didate (X ≡ N1, MX ≡ M1) and the other particles. Since our DM has extra U(1) charge
it comes from kinetic terms including a gauge field, and the interacting Lagrangian is given
by
L ∼ g′X¯γµXZ ′µ +
∑
f=e,µ
f¯γµfZ ′µ +
∑
f=νe,νµ
f¯γµPLfZ
′
µ − τ¯γµτZ ′µ − ν¯τγµPLντZ ′µ, (II.13)
where the mass of Z ′ is given by Eq. (II.5). Thus X annihilates via the process X¯X → Z ′ →
ℓ+ℓ−(ν¯ℓνℓ) and lepton ratio from DM annihilation is e : µ : τ = 1 : 1 : 1 which is also suitable
to explain the DAMPE data [3]. Here we estimate relic density of X using micrOMEGAs
4.3.5 [31] to solve the Boltzmann equation by implementing relevant interactions which
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Leptons
Fermions LLe LLµ LLτ eR µR τR L
′
e L
′
µ L
′
τ
SU(3)C 1 1 1 1 1 1 1 1 1
SU(2)L 2 2 2 1 1 1 2 2 2
U(1)Y − 12 − 12 − 12 −1 −1 −1 − 12 − 12 − 12
U(1)e−µ 1 −1 0 1 −1 0 1 −1 0
Z2 + + + + + + − − −
TABLE III: Field contents of fermions and their charge assignments under SU(2)L × U(1)Y ×
U(1)e−µ × Z2.
induce DM pair annihilation processes. In explaining the DAMPE excess, we fix DM mass
as MX = 1.5 TeV and scan parameter space {g′, mZ′} to search for the region providing
correct relic density. In addition, we take into account the constraints from LEP data for
measurement of e+e− → ℓ+ℓ− processes as [33]
mZ′
g′
≥ 7.0 TeV (II.14)
where upper limit of gauge coupling is g′ ∼ 0.4 formZ′ ∼ 3 TeV. The left plot in Fig. 2 shows
the parameter points which can accommodate correct DM relic density [32], approximated
as Ωh2 = 0.12± 0.005. Then we show the current thermal annihilation cross section for the
parameter points in the right plot in Fig. 2.
Then we can explain the data from DAMPE experiment assuming nearby DM subhalo;
for example, the data can be fitted with current DM thermal annihilation cross section
〈σv〉0 = 3 × 10−26cm3/s, subhalo mass Msub/M⊙ = 2.6 × 108, annihilation luminosity of
subhalo L/GeV2cm−3 = 1.0×1066, and distance from the earth 0.3 kpc [3] when we assume
DM annihilate into only charged leptons by ratio of e : µ : τ = 1 : 1 : 1. The preferred
astrophysical parameters depend on the value of 〈σv〉0 where we can obtain O(10−26)cm3/s
to O(10−24)cm3/s around mZ′ = 3 TeV. Note that we prefer enhanced annihilation cross
section since our DM annihilate into neutrinos, too. Thus the the mass relation mZ′ ≤ 2MX
is relevant to get desired cross section as shown in the right plot of Fig. 2.
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VEV6= 0 Inert
Bosons Φ ϕ ∆ S
SU(2)L 2 1 3 1
U(1)Y
1
2 0 1 0
U(1)e−µ 0 1 0 0
Z2 + + − −
TABLE IV: Field contents of bosons and their charge assignments under SU(2)L×U(1)Y ×U(1)′×
Z2, where SU(3)C singlet for all bosons.
B. Model 2: Scalar boson DM
Here we consider the second model and discuss some phenomenologies in the case of boson
DM candidate with U(1)e−µ gauged symmetry, where original model has been discussed in
ref. [21] in the framework of U(1)µ−τ symmetry. We summarize our field contents and their
field assignments in Table III for fermion sector and Table IV for boson sector. Z2 odd parity
plays a role in assuring the stability of our DM as usual, where we identify it to be gauge
singlet inert boson S. Although S mixes with ∆ that is also inert boson with isospin triplet,
we expect its mixing is so small that we can neglect its mixing effect in the analysis of DM.
Singlet ϕ is the source of the spontaneous symmetry breaking of U(1)e−µ, whose VEV is
denoted by 〈ϕ〉 ≡ v′/√2. The Lagrangian of neutrino sector and valid Higgs potential is
then given by
−LL =
∑
ℓ=e,µ,τ
[
fℓL¯LℓL
′
Rℓ
S +MℓL¯
′
Lℓ
L′Rℓ
]
+ g3L¯
C
Lτ
(iσ2)∆L
′
Lτ
+ g2L¯
C
Le
(iσ2)∆L
′
Lµ
+ g3L¯
C
Lµ
(iσ2)∆L
′
Le
+ yE1ϕL¯
′
Le
L′Rτ + yE2ϕ
∗L¯′LµL
′
Rτ
− λ0ΦT (iσ2)∆†ΦS + c.c., (II.15)
where L′ ≡ [N,E]T . We parametrize the scalar fields as
Φ =

 w+
v+φ+iz√
2

 , η =

 η+
ηR+iηI√
2

, ∆ =

 ∆+√2 ∆++
∆0 −∆+√
2

 , ∆0 = ∆R + i∆I√
2
, ϕ =
v′ + ϕR + iz′√
2
,
(II.16)
where v ≃ 246 GeV is VEV of the Higgs doublet, and w±, z, and z′ are respectively GB
which are absorbed by the longitudinal component ofW , Z, and Z ′(≡ Ze−µ) boson. Then we
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have two neutral boson mass matricesm2R1 andm
2
R2
in the basis of [ϕR, φ]
T and [S,∆R]
T , and
these are diagonalized by OTRm
2
ϕRφ
OR ≡Diag[mh1 , mh2] and OTαm2S∆Oα ≡Diag[mH1 , mH2]
respectively, where the mixing source of Oα arises from the nontrivial quartic coupling
λ0Φ
T (iσ2)∆
†ΦS. For CP-even scalars, the lighter one is identified as the SM-like Higgs
boson so that mh1 ≃ 125 GeV, and we assume the mixing of OR is negligibly small for
simplicity. In the following we just use ϕR as the heavy CP-even scalar boson. The mass
eigenstate of inert bosons in basis of [S,∆R]
T is defined as
S = cαH1 + sαH2, ∆R = −sαH1 + cαH2, (II.17)
where the mixing is written in terms of linear combinations of couplings of Higgs potential.
We have heavy neutral gauge boson Z ′ after U(1)e−µ gauge symmetry breaking. The
mass of Z ′ is given by
mZ′ = g
′v′, (II.18)
where g′ is the gauge coupling of U(1)e−µ.
After the e−µ gauge symmetry breaking, vector-like fermion mass matrix can be written
in the basis [L′e, L
′
µ, L
′
τ ]
T as follows:
ML′ ≡


Me 0 Meτ
0 Mµ Mµτ
Meτ Mµτ Mτ

 , (II.19)
where we have simply assumedML′ to be a real symmetric matrix and defineMeτ ≡ yE1v′/
√
2
and Mµτ ≡ yE2v′/
√
2. Then ML′ is diagonalized by orthogonal mixing matrix V (V V
T = 1)
as
V TML′V = DN ≡ Diag. [M1,M2,M3] , Ne,µ,τ = V N1,2,3, (II.20)
whereN1,2,3(M1,2,3) is the mass eigenstate(eigenvalue). Then our active neutrino mass matrix
is given at one-loop level and calculated as
mthν = gǫV DNRV
Tf + [gǫV DNRV
Tf ]T , (II.21)
ǫ ≡


0 1 0
1 0 0
0 0 1

 , R =
sαcα
(4π)2
[
rk2 ln rk2
1− rk2
− rk1 ln rk1
1− rk1
]
, (II.22)
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FIG. 3: Left plot: The parameter points providing correct relic density on {mϕR , g′} plane. Right
plot: Thermally averaged annihilation cross section at current Universe as a function of mϕR using
parameter points in the left plot. Here the DM mass is fixed to be MX = 3.0 TeV.
where rka ≡ (mHa/Mk)2. On the other hand, the neutrino mass matrix can be written in
terms of experimental values as mexpν = UD
νUT . Therefore, mthν = m
exp
ν should be satisfied.
It is worthwhile to mention the new contribution to the muon anomalous magnetic mo-
ment (muon g − 2: ∆aµ) that arises from g with negative contribution and f with positive
contribution. Since the experimental result is positively induced, we assume to be g << f .
Then (g − 2)µ is given by
∆aµ ≈
2m2µ
(4π)2
∑
ℓ=e,µ,τ
FµℓF
†
ℓµ
[
c2αF2[H1,Mℓ] + s
2
αF2[H2,Mℓ]
]
∼ 2m
2
µ
(4π)2
∑
ℓ=e,µ,τ
FµℓF
†
ℓµF2[S,Mℓ], (II.23)
F2(ma, mb) =
2m6a + 3m
4
am
2
b − 6m2am4b + 6m6b + 12m4am2b ln(mb/ma)
12(m2a −m2b)4
, (II.24)
where F ≡ fV , and we have assumed to be sα << 1 that leads to H1 ≈ S in the last
equation of (II.23). Since we have to consider the LFV constraints such as µ → eγ, we
impose the condition
∑
ℓ=e,µ,τ FeℓF
†
ℓµ <<
∑
ℓ=e,µ,τ FµℓF
†
ℓµ. Even in this case, one finds the
sizable muon (g − 2)µ.
Dark matter candidate inspired by DAMPE: Here we discuss possible explanation of
the DAMPE excess by our scalar boson DM candidate as in the case of previous model.
Firstly we briefly formulate the valid interactions between scalar boson DM candidate
(X ≡ S, MX ≡ mS) and the other particles where we just neglect several irrelevant in-
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teractions arising from Higgs potential and Yukawa couplings 5.
The relevant interactions come from kinetic term and a part of Higgs potential, and the
corresponding Lagrangian is given by
L ∼ µX2ϕR + g′2v′Z ′µZ
′µϕR + (e¯γ
µe− µ¯γµµ)Z ′µ + (ν¯eγµPLνe − ν¯µγµPLνµ)Z ′µ, (II.25)
where µ comes from a quartic coupling S2ϕ2 in the Higgs potential and the mass of Z ′ is
given by Eq. (II.18). The annihilation process is therefore four body modes: 2X → ϕR →
2Z ′ → 2e(µ)±2e(µ)∓(2νe(νµ)±2νe(νµ)∓). This kind of process has also been analyzed by
the group [9] and found a solution when MX ∼ mϕR with MX ≈ 3 TeV. This is a natural
consequence that the excess should monochromatically be observed. Then we carry out
parameter scan on {mH , gX} space by fixing other parameters as MX = 3 TeV, mZ′ =
0.995MX and µ = 1 TeV. Note that we also implicitly apply LEP constraint for gauge
coupling as in the case of previous model. The left plot in Fig. 3 shows the parameter points
which can accommodate correct DM relic density as in the analysis of previous model.
Then we show the current thermal annihilation cross section for the parameter points in
the right plot in Fig. 3. As in the previous model, we prefer slightly enhanced annihilation
cross section as we have neutrino mode and mϕR ≤ 2MX is also suitable in explaining the
DAMPE data.
III. CONCLUSIONS AND DISCUSSIONS
We have proposed two possibilities of the one-loop induced radiative seesaw models that
link to the fermionic and bosonic dark matter candidates inspired by the DAMPE excess.
In model 1, we have introduced gauged U(1)e+µ−τ and constructed the one-loop neutrino
masses inside the Dirac type of DM, and found predictive two zero texture B2 that provides
several predictions such that inverted hierarchy is favored when the best fit observables are
adapted, mν3 ≈
√
∆m2atm/(1− cot4 θ23) and mν2 ≈ mν1 ≈ mν3 cot2 θ23 are derived at the
leading order. The excess of DAMPE can be explained by the universal two body processes
X¯X → ℓ(νℓ)±ℓ(νℓ)∓ (ℓ = e, µ, τ) with s-channel, which is in good agreement with the recent
experimental result of DAMPE at MX ≈ 1.5 TeV.
5 We have confirmed the cross section from the Yukawa coupling cannot be so large and relic density as
well as DAMPE excess can be explained by these interactions.
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In model 2, we have introduced gauged U(1)e−µ and constructed the one-loop neutrino
masses associated with the bosonic DM, and can have explained the source of muon anoma-
lous magnetic dipole moment, too. The excess of DAMPE can be explained by the four
body processes 2X → ϕR → 2Z ′ → 2e(µ)±2e(µ)∓(2νe(νµ)±2νe(νµ)∓) with s-channel, which
is also in good agreement with the DAMPE result and there is a solution when MX ≃ mϕR
with MX ≃ 3 TeV.
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